During our studies to screen novel bacteria from a variety of tidal flats in the Yellow Sea of the Korean peninsula, many novel bacterial taxa belonging to the family Flavobacteriaceae have been described [1] [2] [3] [4] . Several novel bacterial taxa of the family Flavobacteriaceae have been recently isolated from a tidal flat in Oido, an island located in the Yellow Sea off the Korean peninsula [5] [6] [7] . In this study, we describe a novel bacterial strain, designated T , isolated from a tidal flat in Oido. Comparative 16S rRNA gene sequence analysis showed that this novel strain is phylogenetically affiliated to members of the family Flavobacteriaceae, but its exact taxonomic status is not clear due to similar 16S rRNA gene sequence homologies with representatives of some genera, Taeania, Actibacter and Lutimonas. The aim of the present work was to determine the exact taxonomic position of strain T by using a polyphasic characterization which included determination of the chemotaxonomic and other phenotypic properties and detailed phylogenetic investigations based on 16S rRNA gene sequences.
In 2016, a sample of tidal flat sediment was collected from Oido (37 20¢ 19 † N 126 41¢ 29 † E), an island of the Republic of Korea, in the Yellow Sea. Strain OITF-44 T was isolated by the standard dilution plating technique at 25 C on marine agar 2216 (MA; BD Difco) as described previously [5] and cultivated routinely on MA at 25 C unless stated otherwise. The type strains of the type species of the genera Taeania, Namhaeicola, Actibacter and Lutimonas were used as reference strains for fatty acid analysis. Taeania maliponensis MM-8 T , Namhaeicola litoreus DPG-25 T , Actibacter sediminis KCTC 12704 T and Lutimonas vermicola KCCM 42379 T were obtained from our previous studies [8, 9] The cell and colony morphology, Gram-stain reaction, anaerobic growth, pH range for growth, requirement for Mg 2+ ions and hydrolysis of gelatin and urea were determined as described by Park et al. [10] . Gliding motility was investigated as described by Bowman [11] . Growth at 4, 10, 20, 25, 28, 30, 35 and 37 C was measured on MA to determine the optimal temperature and temperature range for growth. Growth at various concentrations of NaCl (0, 0.5 and 1.0-8.0 %, at increments of 1.0 %) was investigated by supplementing appropriate concentrations of NaCl in MB prepared according to the formula of the BD Difco medium without NaCl. Catalase and oxidase activities were determined as described by L anyí [12] . Nitrate reduction and hydrolysis of aesculin and Tween 80 were investigated as described by L anyí [12] with the modification that artificial seawater [13] was used for preparation of the media. Hydrolysis of other substrates was determined after cultivation on MA using the substrate concentrations described by Barrow and Feltham [14] . The production of flexirubin-type pigments was investigated as described previously [15, 16] . Spectral analysis of in vivo pigment absorption was performed as described previously [8] . H 2 S production was tested as described by Bruns et al. [13] . Utilization of various substrates for growth was tested according to Baumann and Baumann [17] using supplementations of 2 % (v/v) Hutner's mineral salts [18] and 1 % (v/v) vitamin solution [19] . Susceptibility to antibiotics was tested on MA plates using antibiotic discs (Advantec) containing the following (µg per disc unless otherwise stated): ampicillin (10), carbenicillin (100), cephalothin (30) , chloramphenicol (100), gentamicin (30) , kanamycin (30) , lincomycin (15) , neomycin (30) , novobiocin (5), oleandomycin (15) , penicillin G (20 IU), polymyxin B (100 IU), streptomycin (50) and tetracycline (30) . Enzyme activities were determined, after incubation for 8 h at 25 C, by using the API ZYM system (bioM erieux); the strip was inoculated with cells suspended in artificial seawater from which CaCl 2 was excluded to avoid the formation of precipitates. Morphological, physiological and biochemical characteristics of strain T are given in the genus and species descriptions and in Table 1 and Fig. S1 (available in the online version of this article). Sonicated in vivo cell extracts of strain OITF-44 T showed no absorption peak maximum characteristic to bacteriochlorophyll a, but showed absorption peak maxima at 454 and 480, indicating the presence of carotenoids. Strain OITF-44 T was susceptible to chloramphenicol, lincomycin, novobiocin, oleandomycin and tetracycline, but resistant to ampicillin, carbenicillin, cephalothin, gentamicin, kanamycin, neomycin, penicillin G, polymyxin B and streptomycin.
Chromosomal DNA was extracted and purified as described previously [20] , with the modification that RNase T1 was used in combination with RNase A to minimize the contamination with RNA. The 16S rRNA gene was amplified by PCR as described by Yoon et al. [21] using two universal primers, 9F (5¢-GAGTTTGATCCTGGCTCAG-3¢) and 1512R (5¢-ACGGTTACCTTGTTACGACTT-3¢). Sequencing of the amplified 16S rRNA gene and phylogenetic analysis were performed as described by Yoon et al. [22] . The nearly complete 16S rRNA gene sequence of strain T determined in this study comprised 1448 nucleotides, representing approximately 95 % of the Escherichia coli 16S rRNA sequence. A neighbour-joining phylogenetic tree based on 16S rRNA gene sequences showed that strain OITF-44
T formed an independent lineage within the clade comprising the genera Lutimonas, Taeania, Actibacter and Namhaeicola (Fig. 1) . The clustering of strain OITF-44
T and the genera Lutimonas, Taeania, Actibacter and Namhaeicola was also found in the trees reconstructed using the maximum-likelihood and maximum-parsimony algorithms (Figs S2 and S3). Strain OITF-44 T exhibited 16S rRNA gene sequence similarity values of 95.7, 95.4-95.6, 95.5 (for each of three species) and 93.9 % to the type strains of T. maliponensis, Actibacter species, Lutimonas species and N. litoreus, respectively, and of less than 93.5 % to the type strains of other recognized species.
Isoprenoid quinones were extracted and analysed as described by Komagata and Suzuki [23] , by using a reversedphase high-performance liquid chromatograph (HPLC) equipped with a YMC ODS-A (250Â4.6 mm) column and conditions described previously [10] . The predominant isoprenoid quinone detected in strain OITF-44
T was menaquinone-6 (MK-6), which is in accordance with that shown in all other members of the family Flavobacteriaceae [24] ; a minor amount of MK-7 (approx. 7 %) was also present.
Fatty acids were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.2B). The fatty acids were analysed by using a gas chromatograph (Hewlett Packard 6890) and identified using the TSBA6 database of the Microbial Identification System [25] . The fatty acid profiles of strain OITF-44
T from the three different growth phases were found to be similar, particularly in that iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 16 : 1 H and iso-C 16 : 0 3-OH were major fatty acids (>10 % of the total fatty acids) ( Table 2 ). The fatty acid profile of strain OITF-44 T was distinguished from those of the type strains of T. maliponensis, A. sediminis and L. vermicola by differences in the proportions of some fatty acids, e.g. iso-C 13 : 0 , iso-C 16 : 1 H, iso-C 16 : 0 , iso-C 15 : 0 3-OH and iso-C 16 : 0 3-OH (Table 2) . Strain OITF-44 T could also be distinguished from the type strains of another Actibacter species and two other Lutimonas species that have been shown to have similar fatty acid profiles to those of the type strains of A. sediminis and L. vermicola, respectively [26, 27] . The fatty acid profile of strain OITF-44 T was also differentiated from that of the type strain of N. litoreus by differences in the proportions of some fatty acids, particularly iso-C 13 : 0 , iso-C 15 : 0 and iso-C 16 : 1 H (Table 2) . Polar lipids were extracted according to the procedures described by Minnikin et al. [28] , and separated by twodimensional thin-layer chromatography using chloroformmethanol-water (65 : 25 : 3.8, by vol.) for the first dimension and chloroform-methanol-acetic acid-water (40 : 7.5 : 6 : 1.8, by vol.) for the second dimension as described by Embley and Wait [29] . Individual polar lipids were identified by spraying the plates with 10 % ethanolic molybdophosphoric acid and a-naphthol reagents [28] and with the ninhydrin spray, molybdenum blue spray and Dragendorff's reagents (Sigma). The major polar lipids found in strain OITF-44 T were phosphatidylethanolamine, one unidentified lipid and one unidentified phospholipid; minor amounts of five other unidentified lipids, three unidentified aminolipids, another unidentified phospholipid and one unidentified aminophospholipid were also detected (Fig. S4) . The polar lipid profile of strain OITF-44
T was similar to those of members of the genera Taeania, Actibacter, Lutimonas and Namhaeicola by having phosphatidylethanolamine and one unidentified lipid as major components ( Fig. S4; [8, 9, 26, 27] ). However, the polar lipid profile of strain OITF-44 T was distinguished from those of members of the genera Taeania, Actibacter, Lutimonas and Namhaeicola by the presence or absence of several polar lipids. Strain [8] using the same conditions; data for columns 3-5 obtained from Jung et al. [8, 9] using the same conditions unless indicated otherwise. All strains are positive for susceptibility to chloramphenicol and lincomycin; and activity of alkaline phosphatase, leucine arylamidase, acid phosphatase and N-acetyl-b-glucosaminidase. All strains are negative for Gram stain; flagellar-and gliding-motilities; anaerobic growth; production of flexirubin-type pigments; hydrolysis of casein, hypoxanthine, urea and xanthine; utilization of L-arabinose, cellobiose, D-fructose, D-glucose, maltose, D-mannose, sucrose, D-xylose, citrate, L-malate, pyruvate, L-glutamate and salicin; susceptibility to ampicillin, gentamicin, kanamycin, neomycin, polymyxin B and streptomycin; and activity of lipase (C14), cysteine arylamidase, trypsin, a-chymotrypsin, b-galactosidase, b-glucuronidase, a-mannosidase and a-fucosidase. +, Positive; W, weakly positive; -, negative. 
Utilization of:
Susceptibility to:
Enzyme activity (API ZYM): OITF-44 T was distinguished from the genera Taeania, Actibacter and Namhaeicola by having one unidentified phospholipid as a major component ( Fig. S4; [8, 9, 26] ). Strain OITF-44 T was distinguished from the genus Lutimonas by the presence of one unidentified phospholipid as a major component and/or by the absence of additional unidentified lipid(s) ( Fig. S4 ; [9, 27] ).
The DNA G+C content was determined by following the method of Tamaoka and Komagata [30] with the modification that DNA was hydrolysed and the resultant nucleotides were analysed by using a reversed-phase HPLC equipped with a YMC ODS-A (250Â4.6 mm) column and the conditions described previously [10] . The DNA G+C content of strain OITF-44 T was 33.9 mol%, a value lower than those of T. maliponensis, A. sediminis, L. vermicola and N. litoreus (Table 1 ).
In the neighbour-joining, maximum-likelihood and maximum-parsimony phylogenetic trees, strain OITF-44 T was found to form an independent phylogenetic lineage within the cluster comprising the genera Lutimonas, Taeania, Actibacter and Namhaeicola (Figs 1, S2 and S3) . Strain OITF-44 T exhibited similar 16S rRNA gene sequence similarities to the type strains of the species belonging to the genera Lutimonas, Taeania and Actibacter. The differences in the fatty acid and polar lipid profiles distinguished strain OITF-44
T from the type strains of the type species of the genera Lutimonas, Taeania, Actibacter and Namhaeicola (Table 1 ; Fig. S4 ). Strain OITF-44 T was differentiated from the type strains of the type species of the genera Lutimonas, Taeania, Actibacter and Namhaeicola by differences in some phenotypic properties, including nitrate reduction, hydrolysis of some substrates, utilization of some substrates, susceptibility to some antibiotics, activity of some enzymes and DNA G+C content (Table 1) . It is not appropriate to assign strain T to any of the genera Lutimonas, Taeania, Actibacter and Namhaeicola based on the chemotaxonomic and other phenotypic properties and the phylogenetic data based on 16S rRNA gene sequences. Accordingly, the phylogenetic and chemotaxonomic data and other phenotypic properties suggest that strain OITF-44 T constitutes a new genus and species within the family Flavobacteriaceae, for which the name Aestuariimonas insulae gen. nov., sp. nov., is proposed.
DESCRIPTION OF AESTUARIIMONAS GEN. NOV.
Aestuariimonas (Aes.tu.a.ri.i.mo¢nas. L. neut. n. aestuarium -i tidal flat; L. fem. n. monas, monad a unit, a monad; N.L. fem. n. Aestuariimonas a monad from tidal flat).
Cells are Gram-stain-negative, aerobic, non-flagellated, non-gliding and ovoid, rod-shaped or filamentous long
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Aurantivirga profunda SAORIC-234 T (KR108284)
Aestuariimonas insulae OITF-44 T (MG208086)

Lutimonas vermicola IMCC1616 T (EF108218)
Lutimonas halocynthiae RSS3-C1 T (KF740535)
Namhaeicola litoreus DPG-25 T (JN033800)
Lutibacter agarilyticus KYW566 T (JN864028)
Lutibacter profundi LP1 T (KP704270)
Lutibacter litoralis CL-TF09 T (AY962293)
Lutibacter aestuarii MA-My1 T (HM234096)
Maritimimonas rapanae A31 T (EU290161)
Pseudotenacibaculum haliotis FDZSB0410 T (KU923830)
Polaribacter filamentus ATCC 700397 T (U73726)
Tenacibaculum maritimum IFO 15946 T (AB078057)
Polaribacter porphyrae LNM-20 T (AB695286)
Tenacibaculum sediminilitoris YKTF-3 T (KU696540)
Actibacter sediminis JC2129 T (EF670651)
Lutimonas saemankumensis SMK-142 T (EU239499) rod-shaped. Catalase-and oxidase-positive. Nitrate reduction is positive. Carotenoid pigments are produced, but flexirubintype pigments are not produced. Na + and Mg 2+ ions are required for growth. The predominant menaquinone is MK-6. The major fatty acids are iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 16 : 1 H and iso-C 16 : 0 3-OH. The major polar lipids are phosphatidylethanolamine, one unidentified lipid and one unidentified phospholipid. The DNA G+C content is 33.9 mol%. The type species is Aestuariimonas insulae. A member of the family Flavobacteriaceae, phylum Bacteroidetes, according to 16S rRNA gene sequence analysis.
DESCRIPTION OF AESTUARIIMONAS INSULAE SP. NOV.
Aestuariimonas insulae (in¢su.lae. L. gen. n. insulae of an island, referring to the source of isolation of the type strain). 
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